Rationale and objective Relapse to drug use in humans can be induced by exposure to drug-associated cues. The ability of drug cues to provoke 'relapse' has been studied in laboratory animals using a reinstatement model in which resumption of drug seeking is assessed after extinction of drug-reinforced responding. In this model, there are no adverse consequences of drug-seeking behavior. However, in humans, abstinence is often self-imposed, and relapse episodes likely involve making a choice between the desire for the drug and the negative consequences of pursuing it (a conflict situation). In this paper, we describe a conflict model of cue-induced relapse in rats that approximate the human condition. Materials and methods Rats were trained to lever press for cocaine; infusions were paired with a discrete light cue. An 'electric barrier' was then introduced by electrifying the floor area near the levers. Responding decreased over days with increasing shock intensities, until the rats did not approach the levers for 3 days. Subsequently, the effect of intermittent noncontingent light-cue presentations on resumption of lever responding (relapse) was assessed in extinction tests, with the electric barrier remaining activated; during testing, lever presses led to contingent light-cue presentations. Results Noncontingent cue exposure led to resumption of lever presses during the relapse tests in 14 of the 24 rats. Surprisingly, 24 h later, 11 of the 24 rats resumed lever responding in a subsequent post-noncontingent cue test under similar extinction conditions. Large individual differences in responding were observed during both tests. Conclusions At its current stage of development, the conflict relapse model appears particularly suitable for studying individual differences in cue-induced relapse to cocaine seeking or factors that promote this relapse.
Cocaine addiction is characterized by high rates of relapse to drug use during abstinence (Mendelson and Mello 1996) . In humans, cocaine relapse and craving can be induced by acute exposure to cues previously associated with cocaine use (O'Brien 2005) . The ability of cocaine cues to provoke 'relapse' to drug use has been studied in laboratory animals using different variations of a reinstatement model (Shaham et al. 2003) . Typically, in these studies laboratory animals are trained to lever press for drug infusions in the presence of distinct cues (e.g., tone, light, specific odors); then, after extinction of lever responding in the absence of the drug cues, nonreinforced resumption of pressing on the drugassociated lever is induced by acute exposure to these cues (Crombag and Shaham 2002; Meil and See 1996; Spealman et al. 1999; Weiss et al. 2000) .
The conditions under which relapse is studied using the reinstatement model, however, differ from those under which relapse occurs in humans in two important ways. First, abstinence in humans often occurs because the drug's rewarding effects are outweighed by the aversive consequences of seeking or using them, whereas in studies using the reinstatement model, abstinence is achieved through experimenter-imposed extinction procedures (Epstein and Preston 2003; Katz and Higgins 2003) . Second, human drug-seeking episodes during abstinence often involve a conflict situation-a choice between experiencing the positive effects of a drug and the aversive consequences of pursuing it (Epstein and Preston 2003) , whereas in the reinstatement model, there are no adverse consequences of drug seeking. The degree to which the lack of homology between the reinstatement model and the human condition that challenges the validity of the model is subject to an ongoing debate in the addiction field (Epstein et al. 2006; Katz and Higgins 2003; Marlatt 2002) . Both proponents and opponents of the reinstatement model, however, agree that it is important to develop alternative (or complementary) models for the experimental study of relapse to drugs.
To have the greatest likelihood of construct validity, an animal model of relapse to drugs should ideally involve a procedure in which animals become abstinent because of delayed aversive consequences of drug taking. However, such a procedure would require training so complex that the model would be, at best, impractical. Therefore, we and others have begun to develop models that might be acceptable compromises. One approach has been to deliver a punishment immediately after drug taking. Based on an earlier work (Smith and Davis 1974) , Panlilio et al. 2003 Panlilio et al. , 2005 ) introduced a punishment-based relapse model in which lever pressing for drug infusions is suppressed by electric shock delivered immediately after drug delivery. They found that in rats that had ceased opiate-taking behavior under these punishment conditions, opiate seeking was reinstated by a priming injection of heroin, which models the human condition of relapse induced by acute reexposure to heroin during abstinence (de Wit and Stewart 1983) . The punishment model therefore may be suitable for modeling human conditions in which abstinence is achieved because the negative consequences of drug taking exceed the positive consequences (Panlilio et al. 2003 (Panlilio et al. , 2005 . However, the punishment model still does not accurately mimic the human condition because in humans, the major aversive consequences of the drug-taking behavior rarely coincide with acute drug intoxication.
We propose an alternative approach suggested by the possibility that in humans, some aversive events related to drug use might be those that occur during drug seeking, for instance those associated with obtaining money to purchase an illegal drug, and fear of being caught by family members or the police. It could also be argued that the anticipation of delayed negative consequences of drug relapse is itself an aversive event. To mimic the aversive components of the drug-seeking period, we have begun to develop a conflict model of relapse. The basic concept of this model is similar to that of the 'Columbia Obstruction Box' method, which has been used many years ago to assess rats' motivation to obtain rewards under different deprivation conditions in the presence of an 'electric barrier' (Jenkins et al. 1926; Olds and Olds 1958; Warden 1931) . Our model was also inspired by results of more recent studies in which motivation to seek and take drugs was assessed in the presence of aversive stimuli (Deroche-Gamonet et al. 2004; Vanderschuren and Everitt 2004; Wolffgramm and Heyne 1995) . The authors of these studies reported that a proportion of rats with an extensive history of exposure to drugs will continue to engage in drug-taking behavior under adverse conditions that normally would suppress drug-or food-taking responding.
In the present experiment, we trained rats to selfadminister intravenous cocaine; cocaine infusions were paired with a 20-s light cue. Subsequently, we introduced an electrical barrier over daily sessions by administering shock of increasing intensities to the floor near the cocaineassociated lever, until the rats did not approach the cocainepaired lever for 3 days. After these 3 days of 'self-imposed' abstinence, we used extinction tests to assess resumption of cocaine seeking (relapse) induced by noncontingent exposure to the light cue, while the 'electrical barrier' remained activated at the previously established intensity. During the extinction tests, lever presses led to contingent light-cue presentations but not cocaine. The term 'cue-induced relapse' in the present study refers to the resumption of lever responding after exposure to the noncontingent cue in the presence of the electric barrier.
Materials and methods

Subjects
Subjects were 30 male Sprague-Dawley rats (Harlan, Israel, 250-350 g) housed in an animal facility (temperature 21-22°C) under a reverse 12-h light-dark cycle (lights off at 8 A.M.). Food and water were freely available in the rats' home cage. The experimental procedures were approved by the local animal care and use committee and were conducted in accordance with National Institutes of Health guidelines. Six rats were excluded because of loss of catheter patency or poor health.
Intravenous surgery
The rats were anesthetized with Ketamine (170 mg/kg, intraperitoneal [i.p.]; KEPRO, Holland) + Promace (Acepromazine 1.7 mg/kg, i.p.; Fort Dodge, IA), and silastic catheters were inserted into the jugular vein using established procedures Shalev et al. 2001a, b) . The catheters were passed subcutaneously to the top of the skull and were then attached to a modified 22-gauge cannula (Plastics One, Roanoke, VA), which was mounted to the rat's skull with dental cement. Baytril (Enrofloxacin 2.5 mg/2 ml saline, i.p.) was given after surgery, and the rats were allowed to recover for 4-7 days. Catheters were flushed every 24-48 h with sterile saline containing gentamicin (0.08 mg/ml).
Apparatus
The experiments were performed in standard Med-Associates (Georgia, VT) self-administration chambers that were equipped with two levers located 9 cm above the grid floor on one side, a 7.5-mA white cue light located above the cocaine-paired lever, and a red houselight. The setup of the 'electric barrier' included constant-voltage stimulators that were connected to approximately two thirds of the floor adjacent to the active and inactive levers (13 out of 19 metal bars of the chambers). The stimulators produced a constant voltage, and the rats closed the electric circuit by touching any two grids with opposite charge. The remaining approximately one third of the chamber, to which electricity was not applied, was the rat's no-shock area.
Procedure
The experimental procedure included three phases: cocaine self-administration (10-13 days), 'electric barrier' application that resulted in the elimination of the cocainereinforced behavior (4-9 days), and relapse tests (2-3 days) during which the rats were exposed or not exposed to the noncontingent cocaine cue. All phases were conducted during the rats' dark phase.
Cocaine self-administration
The rats were initially trained for 3 h/day to lever press for intravenous cocaine (0.5 mg kg −1 infusion −1 ; 0.13 ml/ infusion more than 3.3 s) for 10-13 days; cocaine-HCl (RTI, Raleigh, NC) was dissolved in sterile saline. Before the daily training sessions, the modified cannula on the rat's skull was connected to a liquid swivel with PE-50 tubing; the tubing was protected by a metal spring and was connected to the infusion pump's syringe. For the first 7-10 days, lever responding was reinforced under a fixed ratio (FR) 1 20-s timeout reinforcement schedule, until the rats met an acquisition criterion of at least 20 infusions/session during 3 consecutive days; during the 20-s timeout, the cue light was turned on. After the rats achieved the acquisition criterion, they were given three additional training sessions under an FR-2 20-s timeout reinforcement schedule during 2-h daily sessions. The training sessions began with the illumination of the houselight and the insertion of the active lever. Responding on the 'active' lever activated the infusion pump, while responding on the 'inactive' lever was recorded, but had no programmed consequences. To prevent overdose, the number of infusions was limited to 35 per session.
'Electric barrier' application During this phase, cocaine self-administration behavior was initially reduced and then completely eliminated by gradually increasing the electrical intensity of the electric barrier over successive sessions. Cocaine was available under an FR-2 20-s timeout reinforcement schedule for 30 min/day. The rats were placed in the 'no-shock zone' of the chamber, and the electrical barrier was turned on 5 min before the start of the self-administration sessions. The daily sessions began with illumination of the houselight. The duration of the daily sessions was reduced to 30 min because in pilot studies, we found that it took numerous daily sessions to achieve complete 'abstinence' (no approaches to the active lever) when the daily sessions were for 2 h. Thus, the feasibility of completing the experiments because of catheter failure became a concern.
On the first day of the electric barrier application, the current was set at 0.25 mA, and current intensity was gradually increased every day by 0.04 mA, until the rats did not lever press during the 30-min session for three consecutive daily sessions. The final shock intensity for individual rats that led to 3 days of self-imposed abstinence was between 0.25 and 0.45 mA (Fig. 1) . Tests for cue-induced relapse started after the rats had 3 days of 'abstinence' (zero infusions).
Relapse tests
The experimental conditions during the tests for cueinduced relapse to cocaine seeking were the same to those of the last three sessions during which the rats did not approach the levers, with the exception that active lever responding led to saline infusions but not cocaine. During the relapse tests, the rats were connected to the swivels, the electric barrier was turned on (at the shock intensity that led to 3 days of abstinence) 5 min before the start of the sessions, and lever presses led to response-contingent lightcue presentations under the FR-2 20-s timeout reinforcement schedule.
Cocaine was not available during the relapse tests because we were interested in the effect of the experimental manipulations on drug seeking rather than drug taking. In this regard, extinction procedures have been used in many studies to assess mechanisms underlying the motivational effects of cues previously paired with drug or nondrug rewards (Balleine and Dickinson 1998; Di Ciano and Everitt 2004; Everitt et al. 1999; Lu et al. 2004b Lu et al. , 2005 Shalev et al. 2002) . In addition, testing for lever responding under extinction conditions allows us to at least make some qualitative comparisons between results form the new conflict relapse model and results from studies using the established reinstatement model in which lever presses are not reinforced with the drug during testing (Shalev et al. 2002) .
The cue manipulation consisted of intermittent noncontingent exposure to the discrete light cue previously paired with cocaine injections during training. This manipulation was designed to mimic the human condition in which during abstinence initial exposure to drug cues that provoke relapse is typically not contingent on behavior. The light cue was presented for 20 s every 5 min during the 30-min sessions. During testing, responding on the active lever led to contingent light-cue exposure to maximize our ability to provoke cueinduced relapse under our experimental conditions. After 3 days of electric barrier-induced abstinence, we tested 24 rats in the within-subjects counterbalanced design. Twelve rats were first exposed to the noncontingent light cue as described above, and then, 1 day later, they were tested under the same extinction conditions without being exposed to the noncontingent cue manipulation; for the other 12 rats, the order of testing was reversed. Five rats in the former group also resumed lever responding in the test without being exposed to the noncontingent cue manipulation (termed herein 'post-noncontingent cue'). Therefore, the rats in the latter group were also tested 24 h after the noncontingent cue test under the post-noncontingent cue condition.
Statistical analyses
The data from the relapse tests were analyzed for active and inactive lever responses. As mentioned above, unexpectedly 5 of the initial 12 rats tested resumed lever responding in the presence of the electric barrier under the post-noncontingent cue condition, indicating that our original within-subjects counterbalanced design is confounded by an order effect. Therefore, the data were analyzed in two different ways. The first is a between-subjects analysis of lever responding during the first test day in the presence (n=12) or absence (n=12) of the noncontingent cue manipulation. The second is a withinsubjects analysis (n=24) that included a pre-noncontingent cue condition, the noncontingent cue condition, and the postnoncontingent cue condition. For 12 rats, the pre-noncontingent cue condition was the test session in the absence of the noncontingent cue manipulation after 3 days of abstinence. For the other 12 rats, the pre-noncontingent cue condition was the third day of abstinence in which they did not approach the levers. These data provide a good approximation of the rats' behavior in the presence of the final shock intensity that led to abstinence, because only 1 of the 12 rats from the other group resumed lever responding (7 responses/ 30 min) under the extinction condition in the absence of noncontingent cue exposure (a group mean of 0.6 responses/ 30 min). Data were analyzed with the statistical program SPSS (general linear model procedure), and significant effects (p<0.05) were followed by Fisher protected least squares difference post-hoc tests.
Results
Effect of electric barrier application on drug-taking behavior
The rats that were subsequently tested under the different relapse conditions demonstrated reliable cocaine self-administration behavior at the end of the training phase. The mean± SEM number of infusions during the last 3 training days was 29.0±1.1, 30.6±1.3, and 31.0±1.3 per 2 h, respectively. The mean±SEM number of active and inactive lever responses during the last 3 training days was 71.0±3.8 and 11.0±6.1, 79.5±5.4 and 13.2±9.8, and 79.4±5.7 and 9.7± 6.1 per 2 h, respectively. Subsequent application of gradually increasing electric barrier shock intensity from 0.25 to 0.45 mA eliminated cocaine self-administration. Figure 1 shows the frequency distribution of the final shock intensity values that led to 3 days of self-imposed abstinence in the 24 rats. The mean±SEM final electric barrier shock intensity was 0.37±0.02 mA. The mean±SEM number of days to achieve 3 days of abstinence was 7.4±1.2 days.
Relapse tests
Between-subjects analysis
The effect of noncontingent exposure to the cocaine light cue (previously paired with cocaine infusions during Number of rats Fig. 1 Frequency distribution of the electric barrier shock intensity that led to 3 days of self-imposed abstinence. On the first day of the electric barrier application, the current was set at 0.25 mA, and the current intensity was gradually increased every day by 0.04 mA until the rats did not initiate lever pressing during three 30-min sessions training) on resumption of lever responding (relapse) after 3 days in which the rats did not approach the cocaine-paired lever in the presence of the electric barrier is shown in Fig. 2 . Exposure to the noncontingent cue led to resumption of active lever responding during testing; the noncontingent cue manipulation also modestly increased inactive lever responding. In the between-subjects analysis, we assessed in two groups of rats (n=12 per group) lever responding during the first test day in the presence or absence of the noncontingent cue manipulation. The mixed analysis of variance (ANOVA) included the between-subjects factor of Noncontingent Cue (no, yes) and the within-subjects factor of Lever (active, inactive). This analysis revealed significant effects of Noncontingent Cue (F 1, 22 =5.1, p<0.05), Lever (F 1, 23 =4.6, p<0.05), and Noncontingent Cue by Lever interaction (F 1, 23 =4.4, p<0.05). The significant interaction indicates that the effect of the noncontingent cue manipulation was more pronounced on active lever responding than on inactive lever responding. Post-hoc differences are indicated in Fig. 2 .
Within-subjects analysis
The results of the within-subjects analysis are presented in Fig. 3 . As mentioned above, the within-subjects analysis (n=24) included a pre-noncontingent cue condition, the noncontingent cue condition, and the post-noncontingent cue condition. Resumption of active lever responding was observed during both the noncontingent cue session and the post-noncontingent cue session; during these test days, inactive lever responding was also modestly increased. The repeated-measures ANOVA included the within-subjects factor of Noncontingent Cue (pre-noncontingent cue, noncontingent cue, post-noncontingent cue) and the within-subjects factor of Lever (active, inactive). This analysis revealed significant effects of Noncontingent Cue (F 2, 46 = 4.8, p<0.05), Lever (F 1, 23 =8.0, p<0.01), and Noncontingent Cue by Lever interaction (F 2, 46 =4.1, p<0.05). The significant interaction indicates that the effect of the noncontingent cue and the post-noncontingent cue conditions were more pronounced on active lever responding than on inactive lever responding. Post-hoc differences are indicated in Fig. 3 .
Correlational analyses
We also analyzed Pearson product-moment correlation coefficients among cocaine intake during training, final (abstinence) electric barrier shock intensity, and lever responding or onset of lever responding in the different relapse conditions. These data are not reported because the different correlations were not significant. However, we did find a significant correlation between active lever responding in the noncontingent Fig. 2 Relapse to cocaine seeking induced by exposure to noncontingent cocaine cues: between-subjects analysis. a Mean ±SEM number of lever presses on the previously active lever and on the inactive lever in two groups of rats that were either exposed (n=12) or not exposed (n=12) to noncontingent cue presentations during a single test session after 3 days of self-imposed abstinence induced by exposure to the electric barrier. b Mean number of active and inactive lever responses of individual rats in the noncontingent cue condition. In the noncontingent cue session, the rats were exposed to the light cue previously paired with cocaine injections during the 30-min sessions every 5 min for 20 s. During testing, the rats had to cross the electric barrier to gain access to the levers. Lever responding during testing was conducted under extinction conditions and resulted in contingent presentation of the discrete light cue under a fixed ratio 2 20-s timeout reinforcement schedule but not cocaine. Asterisk, different from the no noncontingent cue control condition, p<0.05; number sign, different from the inactive lever, p<0.05 cue condition and the post-noncontingent cue condition (r= 0.61, p<0.01, see Fig. 3b ,c).
Discussion
Our goal was to develop a cue-induced relapse model that would mimic the human condition in which abstinence often occurs not because drugs are unavailable but because they become associated with aversive consequences that outweigh their rewarding effects. Under these circumstances, relapse can occur because the desire for the drug (induced by drug cues or other stimuli) momentarily outweigh the negative consequences of pursuing it. In our conflict relapse model, abstinence is achieved by introducing an electric barrier of increasing shock intensities that leads to cessation of cocaine-taking behavior, and then relapse induced by cocaine cues is determined in the presence of the electric barrier.
Under these conditions, we found that 14 of the 24 of the rats exposed to non-contingent cue presentations during testing resumed lever responding. Surprisingly, 11 of the 24 rats also resumed lever responding in the presence of the electric barrier on the subsequent day when the noncontingent cue was not presented. This finding is unique because to our knowledge, delayed post-cue effects have not been reported in studies using the reinstatement model See 2005; Weiss 2005 ). However, unlike the reinstatement model in which robust cue-induced reinstatement of cocaine seeking is observed in more than 80% of the rats and the individual variability is relatively low Meil and See 1996; Weiss et al. 2000) , in the conflict model, a lower percentage of the rats (less than 60%) respond to the cue manipulation, and the individual variability is high. Fig. 3 Relapse to cocaine seeking induced by noncontingent cocaine cue: within-subjects analysis. a Mean±SEM number of lever presses on the previously active lever and on the inactive lever in the session before, the session during, and the session after noncontingent cue exposure (n=24); the three conditions are termed 'Pre-noncontingent cue', 'Noncontingent cue' and 'Post-noncontingent cue' in the figure. b-c Mean number of active and inactive lever responses of individual rats in the noncontingent cue condition and the post-noncontingent cue condition. In the noncontingent cue exposure session, the rats were exposed to the light cue previously paired with cocaine injections during the 30-min sessions every 5 min for 20 s. During testing, the rats had to cross the electric barrier to gain access to the levers. Lever responding during the relapse tests was conducted under extinction conditions and resulted in contingent presentation of the discrete light cue under a fixed ratio 2 20-s timeout reinforcement schedule but not cocaine. Asterisk, different from the pre noncontingent cue condition, p<0.05; number sign, different from the inactive lever, p<0.05
The more variable response (and the low overall mean number of active lever presses during testing) in response to the cue manipulation in the conflict relapse model than in the reinstatement model is to be expected because there are no adverse consequences to the rat's behavior during testing in the reinstatement model. The large individual differences in relapse to cocaine seeking in the conflict model is also to be expected based on results of studies in which electric shock was used to suppress cocaine-taking behavior (Deroche-Gamonet et al. 2004; Pelloux et al. 2007) . In these studies, only a relatively small proportion of the rats (less than 25%) continued to engage in the drug-taking behavior in the presence of the aversive stimulus.
In the reinstatement model, noncontingent exposure to discrete cues (tone, light), after extinction of lever responding in their absence, is either ineffective (Grimm et al. 2000; Tran-Nguyen et al. 1998) or only modestly effective (de Wit and Stewart 1981; Deroche-Gamonet et al. 2002) in reinstating cocaine seeking. These discrete cues, however, are highly effective in reinstating lever responding when they are presented contingently (See 2005) , presumably by functioning as conditioned reinforcers (Goldberg 1976; Robbins 1975) . A conditioned reinforcer is defined as a previously neutral stimulus (e.g., tone, light) that acquired reinforcing effects through its prior association with a primary or unconditioned reinforcer (e.g., food, drug; Catania 1992). In the conflict relapse model, noncontingent cue exposure resulted in significant increases in lever responding. However, under our experimental conditions, lever responding resulted in contingent presentation of the same cue, and therefore, it is likely that both modes of cue presentation (noncontingent and contingent exposure) contributed to the resumption of cocaine seeking.
In the conflict relapse model, the discrete light cue may serve a dual function. First, when the rat is in the no-shock area, noncontingent exposure to the light cue likely functions as a Pavlovian-conditioned incentive cue (Di Chiara 1999; Everitt and Wolf 2002; Robinson and Berridge 2003; Stewart et al. 1984 ) that motivated the rats to cross the electric barrier to gain access to cocaine after three to four daily sessions in which they did not cross this barrier to press the lever. Second, because lever presses in the relapse tests, performed under extinction conditions, resulted in contingent cue presentations, increased lever responding may be also due to the conditioned reinforcing effects of the light cue. The relative role of Pavlovian incentive processes and conditioned reinforcer processes in the effect of light cue exposure on resumption of cocaine seeking in the conflict relapse model is a subject for additional research.
An issue to consider in the interpretation of the present data is that the rats not only increased active lever responding under the noncontingent cue and post-noncontingent cue conditions but also modestly increased inactive lever responding (Figs. 2, 3 ). Our relapse tests were conducted under extinction conditions in which increased inactive lever responding in response to drug cues Lu et al. 2004a ) and other manipulations that induce nonreinforced active lever responding such as stress (Shalev et al. 2001a ) is often observed. Some investigators interpret drug-induced increases in inactive lever responding during testing to reflect a nonspecific behavior effect of relapse-provoking manipulations. However, it is also possible that increased inactive lever responding in tests conducted under extinction conditions reflects, in part, response generalization (Shalev et al. 2002) .
Finally, an important question is the suitability of the conflict relapse model to study the effects of other stimuli that provoke drug craving and relapse in humans such as acute exposure to drugs and stress (Jaffe et al. 1989; Sinha et al. 2007) . In the reinstatement model, exposure to drug priming (de Wit and Stewart 1981; Self et al. 1996; Stretch et al. 1971) , environmental stressors such as footshock (Erb et al. 1996; Shaham and Stewart 1995) and food deprivation (Carroll 1985; Shalev et al. 2001b) , and the pharmacological stressor yohimbine (Le et al. 2005; Lee et al. 2004; Shepard et al. 2004 ) reliably reinstate drug seeking. However, in our preliminary experiments on the ability of cocaine priming, yohimbine, and acute 1-day food deprivation, only food deprivation led to reliable and selective resumption of active lever responding in the conflict relapse model. Therefore, in the absence of additional parametric studies, the utility of the conflict model for studying drug-priming-and stress-induced relapse to cocaine seeking is unknown.
Conclusions
We described the first characterization of a novel conflict relapse model of cue-induced relapse to cocaine seeking. Our experimental manipulation of noncontingent cue exposure led to a resumption of lever presses during the relapse tests in 14 of the 24 rats, and surprisingly, 24 h later, 11 of the 24 rats also resumed lever responding in a subsequent post-noncontingent cue test. In both tests, large individual differences in lever responding were observed. Thus, it appears that its current stage of development, the conflict relapse model, appears suitable for studying individual differences in cue-induced relapse to cocaine seeking. The relatively low rate of responding and the large individual variations in the relapse tests limit the use of the conflict model for studying the effect of pharmacological and neuroanatomical manipulations on decreases in cueinduced relapse. However, the current version of the conflict relapse model may be useful for studying factors that promote cue-induced relapse. In this regard, a question for future research is whether the number of lever presses and the proportion of rats that cross the electric barrier during the relapse tests will be higher after longer selfadministration training (several months) and/or longer daily training sessions (6-12 h). This is a likely possibility because previous studies have shown that rats become less sensitive to adverse consequences associated with drug seeking and taking after prolonged drug exposure (DerocheGamonet et al. 2004; Vanderschuren and Everitt 2004; Wolffgramm et al. 2000) or when higher drug doses are available (Johanson 1975) .
